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The nuclear power plants are significant source of the equipment contamination by
radioactive particles. Versatile equipment is used during plant operation and/or
maintenance and is contaminated while performing required operations. Usually, the
decontamination of used equipment is performed but in many cases the residual level
of contamination is still higher than allowed for unconditional release. The usual routine
is to apply the same equipment for the maintenance works of other nuclear power
plants. Such approach gains the problem of packaging of the contaminated equipment
into applicable containers and transportation of these containers to other nuclear facility
where equipment is unpacked and used again.
Due to the hazardous effect on the environment and living beings, the contaminated
equipment is under special attention. All countries develop and apply commonly
accepted international regulations for storage, packaging and transportation of
contaminated materials or modify and adjust them in order to achieve better protection
rules.
The assessment of current international and Croatian regulations is the aim of this
thesis in order to determine minimal conditions that need to be met for proper packing
and transport of the contaminated equipment. Moreover, the procedure is developed for
the transportation of surface contaminated objects in accordance with requirements of
the regulations and applicable laws. Following the instructions of the procedure the
contaminated tools (surface contaminated objects) can be safely transported.
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The importance of various aspects of the transportation of goods has considerably
increased in the recent period as the need for safe transport of a great variety of goods
has grown parallel with the rapid development of the world industry. Among these
aspects the issue of safety is of primary concern since the large amount of goods
shipped today are potentially harmful to living beings and their environment. It is well
known that many objects and substances
- if improperly packed, handled, transported,
stored or used - may both endanger living beings and pollute soil, air or water. Such
potentially damaging materials, when certain criteria are being met, are defined as
dangerous goods. They include, to name but a few examples, explosives, flammable
materials, gases, oxidizing toxic and infectious substances, corrosives, a group of
assorted dangerous goods (e.g. asbestos, battery powered vehicles, engines with
internal combustion) as well as radioactive materials.
Understandably, the risks involved in manipulation of radioactive substances are
particularly emphasized by the fact that exposure to radiation can not be detected by
human senses. Considering that the modern world has become largely dependant on
many benefits which the application of radioactive materials has brought about in
- for
example - medicine, industry, or production of electrical power, we are necessarily
faced with health and safety issues which emerge from such increasing implementation
of radioactive substances. Therefore, in order that the advantageous characteristics of
radioactive materials may be safely utilized, it has been necessary to provide such
protective measures which would diminish these
materials'
potentially dangerous
impact. In this respect proper packing in adequate packaging is of primary importance
as it ensures not only the safe handling of radioactive materials but also their
transportation from one site to another and storing at a minimum risk.
The large mass and volume of radioactive materials or more precisely, surface
contaminated objects which usually need to be transported are represented by the tools
which are used in nuclear power plants. Various equipment used during plant operation
and/or maintenance is contaminated during work performance. The examples of such
tools are robots and manipulators used for the remote control of movement of the
examination probes which are used for nondestructive examinations of critical
components - reactor pressure vessels, primary circuit piping, pumps, steam
generators etc. Another group of such tools are those which are applied for
specific
operations in areas with high dose rates. Furthermore, some tools are applied for
remedial actions of the components, e.g. cutting, grinding and welding machines.
Once
applied, these tools are frequently contaminated by radioactive particles. Usually, the
decontamination of used equipment is performed but in many cases the residual level
of contamination is still higher than allowed for unconditional release. On the other
hand, the same tools often need to be used on the other nuclear power plants which
are located far from each other. Due to the fact that contamination particles usually
cannot be completely removed or removed to a required level, the tools are treated as a
radioactive material - dangerous goods. Hence, such equipment has to be packed and
transported in such way that its effect of ionizing radiation has a minimal effect on
human beings, animals and environment.
For the purpose of reduction of these effects various laws, regulations and rules for
packaging and transportation have been written and implemented. This regulations
include the requirements for all stages of the process of transporting
- verification of the
material applicability for the transport, possible limitations for the transport of material,
classification, identification, packaging, marking and labelling, necessary
documentation preparation and the packaging handling technique description.
Various national and international authorities and organizations regulate the
transportation of radioactive materials. Furthermore, the particular laws, regulations and
rules are applied for transportation of the radioactive material in regard to the mode of
transportation (by air, rail, sea or inland waterway, land). Another set of rules regulates
the transport in or between individual countries (e.g. there is a specific regulation for the
transport of radioactive goods between Russian Federation and Finland only). Such
specific national regulation has to be analyzed in order that internationally organized
transportation can be carried out in accordance with the legislation of any individual
country through which the transport is to be performed. Therefore the systematic
approach to packing and transportation of the contaminated equipment has to be
provided in order to properly prepare and perform the whole process of shipping. The
aim of this dissertation is to provide all legally relevant factors for packing and shipping
of radioactive materials.
2. GENERAL DESCRIPTION AND TERMINOLOGY
In order to analyze the applicable regulations for the transport of radioactive materials
certain terms and abbreviations frequently used in regulations have to be described and
explained. The general overview of the subject and common terminology will be
analyzed in this chapter in order that the referent regulatory documents may be
correctly assessed. This analysis will make possible the compliance with all
requirements stated in the regulations and it would minimize the possibility of error
occurrence in defining the transportation procedure.
2.1 DESCRIPTION OF IONIZING RADIATION
The matter that surrounds us is composed of atoms - the smallest part of an element
which retains the characteristics of this element. The atom consists of three major
parts: protons, neutrons and electrons. The stable atoms have balanced number of
protons, neutrons and electrons. Unstable elements strive to be stable and in order to
become stable they emit packets of energy or particles to attain stable status.
Radiation is a kind of energy transfer, as, for example, heat, light, and radio waves
radiate the energy into the environment. The ionizing radiation spreads the energy in a
similar way but this type of radiation can produce charged particles (ions) in materials
that it strikes. In living matter ionizing radiation can represent a health hazard. Atoms
that emit these types of radiations are known as radioactive elements. Therefore, the
radioactive materials are articles or substances that emit certain types of ionizing
radiation which can be harmful to health but which cannot be detected by any human
being sense. This radiation can also affect other materials or their properties e.g. a
photo film packed in a normal light protective packaging when exposed to ionizing
radiation will darken in proportion to the power of the source strength and time
exposed. There are various types of ionizing radiation: alpha, beta and gamma
radiation, X-rays and neutrons, each with different characteristics.
Alpha radiation is represented by positively charged particles and is emitted from
naturally occurring elements such as uranium and radium. Alpha radiation is emitted
from some of the man-made elements too. The alpha radiation may be defined as the
nucleus of helium atom which has 2 protons and 2 neutrons. It has low penetrability (it
can be stopped by thin sheet of paper) yet the potential hazard of alpha emitting
materials is not negligible since they may be brought into a body by ingestion, inhalation
or through the open wounds in the case of an accident.
Beta radiation may be defined as a beam of electrons. It has better capability of
penetrating than alpha radiation. It can be found in the nature too.
Gamma radiation is represented as an electromagnetic wave of a specific wavelength.
It has much better penetrability property than alpha and beta radiation. Theoretically, it
has infinite range in air and it can completely pass through the human body. Gamma
radiation may be found in nature as well.
X-rays have properties similar to gamma radiation but they are specific due to the fact
that they originate from man-made sources only (e.g. x-ray tube used in medicine).
Neutrons are electrically neutral particles and can be very penetrating. Neutron
radiation occurs inside the reactors. In nature, the neutron radiation is very rarely
detected at locations at the sea level but may be present at greater altitudes.
The characteristic of all these types of the ionizing radiation is that they cannot be
detected by any of human senses. Consequently, it is necessary to apply a special
equipment for the detection and measurement of the level of radioactivity. The activity
of a radioactive material is basically a measure of its quantity and as each radioactive
atom decays, the remaining activity declines. The time for the activity of a radionucleide
to lose half of its value by decay is called the half-life. Therefore for the
"n"
half life
periods the remaining activity would be
1/2n
of the original activity measured at start of
the time period in which activity decay is measured. The unit of radiation exposure is
the Coloumb per kilogram (C/kg). The unit for dose-equivalent (which applies the quality
factor as a measure of the effect on a human body) is Sivert (Sv).
2.2 EXPLANATION OF COMMONLY USED TERMINOLOGY
The terms that are frequently used in regulation for transport of radioactive materials
are as follows:
Term Description or definition
Becquerel 1 disintegration of an atom per second.
Competent authority The national or international authority designated or







The individual, organization or government that receives
consignment.
Package(s) or load that is transported.
The individual, organization or government that presents a
consignment for transport.
The presence of radioactive substance on a surface in excess
of 0.4
Bq/cm2
for beta and gamma emitters and 0.04 for alpha
emitters.
The description of the special form of radioactive material,
package or packaging that enables complete identification of
item.
Fixed contamination Contamination other than non-fixed contamination.
Low Specific Activity
A material that has naturally low specific activity or radioactive
(LSA)
material for limits of estimated average specific activity
applies.








Approval by the relevant and competent authority of all
countries involved in design or transportation. This involves
country of origin and all countries to which or through which
the shipment is to be transported. The countries over which
the transport is performed are excluded.
Not otherwise specified.
Contamination that may be removed from the surface of the
object by usual handling performance.
Enclosure that need not to meet the requirement for the
packaging. (As an example, overpack may be used for
consolidation of the shipment into a one handling unit.
The radioactive material and its packaging in the status for the
transport.
The assembly of necessary components and mechanisms that
enclose the radioactive material.
Radiation level The activity of the radioactive source expressed as dose
-
equivalent rate in the Siverts per hour or milli Siverts per hour.
The measurement unit for radiation level includes the "quality
factor"
of each type of ionizing radiation
- 1 for gamma and X
rays, 10 for neutron and 20 for alpha radiation. Quality factor






Any material that has specific (radio) activity greater than
70,000 Becquerel/kg (UN, IAEA and ICAO/IATA definition).
Croatian National gazette defines the limit value of 74
Becquerel/g (74,000 Becquerel/kg for specific radioactivity of
material in order to classify the material as radioactive
material.




A solid object that is not radioactive but contain the radioactive
substance on its surfaces.
Transport Index (Tl) A single number that defines the level of ionizing radiation at a
distance of 1 m from package surface expressed in mSv/h
multiplied by 100.
Unilateral approval Approval of a design that is required to be given by the
competent authority of the country of origin of the design only.
3. OBJECTIVES
Specific research has shown that there is an increase in the risk of cancer and other
potential illnesses due to exposure to high levels of ionizing radiation. High levels of
radiation are assumed if the dose rate is above 2 milli Siverts per hour. Since we are
daily exposed to low level of radiation caused by natural decay of unstable elements in
nature, cosmic beams and various man-made sources, the effect of low-level radiation
is not easy to determine. However, scientists feel it is prudent to assume that there may
be a risk associated with exposures to a low level of radiation. Furthermore, it has been
established that the same level of ionizing radiation has different effects on the different
organisms and different parts of body. For example, a child is more sensitive to ionizing
radiation than an adult. In a similar way, the hands are less sensitive to radiation than
active blood forming organs.
Due to the hazardous effects of the radioactive materials and contaminated objects it is
necessary to perform all necessary precautions and actions in order to provide their
safe transport. In addition, during the transport of such materials and objects it is
necessary to perform all possible actions in order to minimize exposure of the human
beings to ionizing radiation. This may be provided by proper performance of packaging
and transportation as well as by application of the ALARA (As Low As Reasonably
Achievable) principles.
This means that the personnel should be exposed to the ionizing radiation for the
shortest possible time, with reasonable protective shielding(s) and at maximal
achievable distance from the source of radiation.
The above rules should be applied through the whole process of handling,
transportation as well as storing of radioactive materials or contaminated objects.
Consequently, the main goal of this thesis is to list all the requirements which need to
be met in order to prepare the procedure for the shipper by which the surface
contaminated objects that has hazardous properties can be safely transported. The
procedure will include all information about those requirements in regard to general
philosophy, limitations, classification, general packing requirements, packaging
instructions, labelling and marking as well as preparation of the relevant documentation.
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4. METHODOLOGY
In order to achieve the objectives defined in the previous chapter it is necessary to
identify the relevant international and national organizations which provide documents
for the transport of all dangerous goods or regulations for the transport of radioactive
materials only. After these organizations are identified and national laws and Codes
recognized, it is necessary to try to identify the individual contribution and influence of
each of these organization on the other organizations which regulate the transport of
radioactive materials and contaminated objects on the local level. Furthermore, the
documents will be classified into two groups: the generic documents which contain
general requirements on the one hand, and, on the other, the specific regulation which
provide detailed instructions about the transportation of dangerous goods. Further
analysis will be based on latter group of documents whereas less restrictive regulation
contained in the generic documents will not be taken into account. This means that the
requirements for the transportation of radioactive materials/dangerous goods will be
analyzed in respect to the conditions that need to be met or exceeded. As the result of
this analysis, the list of the most restrictive requirements for the transportation of
radioactive materials / contaminated objects in regard to the possible real transportation
performance will be obtained.
On the basis of selected regulation and / or documentation the applicable requirements
for the transportation of radioactive materials/dangerous goods will be assessed. In this
way it will be shown that the packing and transportation procedure prescribes all
necessary activities which need to be performed in order that all relevant requirements
and laws are complied with. Thus, all necessary activities to be performed in order to
properly accomplish packing, handling, labelling and transportation will be described
and the sequence of necessary activities will be outlined.
Additionally, all activities that require special attention during the process of packaging,
handling and transporting will be noted in the procedure. In addition, the documents
and forms will be presented which contain all necessary information required by
relevant bodies, organizations, offices or regulation.
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5. RELEVANT ORGANIZATIONS AND LEGISLATION
5.1 INTERNATIONAL ORGANIZATIONS AND RECCOMENDATIONS
The United Nations Committee of Experts (CoE) on the Transport of Dangerous Goods
provides internationally harmonizing regulations on the transportation of hazardous
materials (dangerous goods) by developing an internationally agreed regulatory
structure specified in the United Nations Recommendations on the Transport of
Dangerous Goods (UN Recommendations or so called "Yellow Book"). The UN
Recommendations form the basis for international modal regulations on the transport of
dangerous goods prepared by the International Maritime Organization (IMO) and the
International Civil Aviation Organization (ICAO). The UN Recommendations are also
used as a basis for the development of regional (e.g., European Road and Rail
regulations) and national transport regulations.
Although the UN Recommendations is applicable to all modes of transport (air, sea,
inland waterway and road transport), the Committee of Experts is developing a program
whose implementation is recommended in the transport of all types of dangerous goods
except radioactive materials1. The UN Committee of Experts collaborate with
International Civil Aviation Organization (ICAO), Inland Transport Organization,
International Maritime Organization (IMO), as well as with other relevant organizations
which deal with the transport of dangerous goods or provide regulation for the
transportation of radioactive materials. Moreover, the Inland Transport Committee
within Inland Transport Organization provides the documentation for the transport of
dangerous goods including radioactive materials under the title: "International





- By Inland Waterway
(ADN)"
1
Deutsche Lufthansa AG:Quick Reference to Dangerous Goods Regulations, 1997
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The IMO provides the documentation for sea transport of dangerous goods under the
title "Dangerous Goods
Code"
(IMDG) which also includes the transport of radioactive
materials.
The ICAO Dangerous Goods Board issues the "Technical Instructions for the Safe
Transport of Dangerous Goods by
Air"
that is accepted and implemented by many
states. The ICAO Technical Instructions involve criteria for transport of radioactive
materials too.
Besides, the UN Committee contacts other organizations that do not deal with
transportation but contributes to the UN organization through their relevant knowledge
and experience about effects of different types of dangerous goods that may appear
during regular transport circumstances, incidental and accidental situations (e.g. the
World Health Organization - WHO or International Commission on Radiological
Protection - ICRP). Another organization which may be mentioned as a contributor to
the UN organization is Universal Postal Union (UPU) that does not provide any
regulation for the transport of dangerous goods but acts as an active member of the UN
Committee.
There are several other international organizations that deal with transportation of
dangerous goods and have powerful influence on the development of transportation
requirements, rules or instructions. They are not subordinate to the UN Committee but
rather cooperate with the UN by means of an extensive teamwork work exchange.
The example of such an organization is International Atomic Energy Agency which has
developed Regulations for the Safe Transport of Radioactive Material, issued in 1985,
amended in 1990 and re-issued in 1996. The reason for inserting these editions will be
explained later.
The other organization which has a very strong influence on the development of
regulations for the transport of dangerous goods including radioactive materials is the





edition contains the regulation
valid for the year 2000. The
41st
edition of the Regulations is based on the
requirements of the Annex 18 to the convention on ICAO (Chicago, 1944), and the
1999-2000 edition of the associated Technical Instructions for the Safe transport of
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Dangerous Goods by Air (Doc 9284-AN/905), adopted by ICAO and published by
ICAO, and IAEA (Safety Series 6, 1985). The
42nd
edition of the IATA Regulations,
valid for 2001, will include 1996 Edition of IAEA Regulations requirements from 1996. It
is important to note that the IATA DGR contains all requirements of the ICAO Technical
Instructions. Furthermore, the IATA DGR requirements in some particular matters
exceed the requirements of Technical Instruction. These, additional requirements of
DGR are particularly marked through the DGR.
The publications listed above resulted from the joint efforts of all organizations
mentioned so far. Since these organizations share common operational considerations
the requirements stipulated in the documentation are also similar. The organizations,
their bodies and documentation that they produce as well as interaction between them
are presented in Figure 5.1 .
5.2 EUROPEAN COMMISSION LEGISLATION AND REGULATIONS
The legal basis for the actions of the European Commission (EC) in the field of
transport of nuclear materials has its origin in the two documents: the EC Treaty
(especially Title IV on the common transport policy) and the EURATOM Treaty whose
Chapter III provides the legal framework for setting the Basic Standards on radiation
protection.
While the regulations on the transport of radioactive materials are drawn up by the
International Atomic Energy Agency in Vienna and transposed into the national
legislation of each country, the European Community is in the process of ensuring that
these provisions are in conformity with the Council Directives on radiation protection
(based on Articles 31 and 32 of the Euratom Treaty) and that they facilitate the
functioning of the internal market. Title IV of the EC Treaty on the common transport
policy also gives the Community certain responsibilities in the transport of dangerous
goods. Council framework Directives 94/55/CE and 96/49/CE, provide for the
approximation of the laws of the Member States on the transport of class 7 dangerous
goods.
The European Community (EC) attempts to regulate the transport of dangerous goods
by employing such already existing international regulations. This involves the IAEA
Safety series 6, ADR, RID, ADN, IMDG, ICAO/IATA, etc. but these requirements may
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be even more strict by legislation of specific member state. Therefore, when
transporting dangerous goods, the legislation of all states through which the
transportation will be performed has to be checked out.
5.3 CROATIAN LEGISLATIONS
Since the Constitution of the Republic of Croatia deals with the general organization of
the state, and does not address the issue of the transportation of the dangerous goods,
one needs to look into the National Gazette for specific regulations. The number 97
from 1993 prescribes the implementation of requirements for the dangerous goods
transportation. This document refers to some of the international documents mentioned
above - ADR, RID, ADN, IMDG, ICAO and UPU. The National Gazette No. 97/93 does
not prescribe more rigorous requirements than these that are defined in referenced
regulation. In addition, National Gazette No. 97/93 states the penalty for the shipper,
operator or other responsible personnel or organization that do not perform required
activity or activities accordingly.
The Figure 5.1 presents the interaction between organizations, their bodies and
produced documentation. The figure does not include all world organizations but rather
the ones that produce the requirements which are mostly applied directly either in their
original form or transposed in national regulations and modified.
Since all above regulations deal with the transportation of different types of dangerous
goods, the dangerous goods are grouped in classes according to their specific
characteristics. Due to the interference between these organizations and their bodies,
the radioactive materials are grouped in Class 7 in all of above defined dangerous
goods regulations (except in IAEA - Safety series 6, which deal with radioactive
material exclusively).
15
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6. SELECTION OF THE APPLICABLE REGULATIONS AND CRITERIA
Based on the assessment of various regulations for the transportation of
dangerous goods and different organizations whose primary activity deals with this
issue, including the Croatian legislation, the following conclusions may be stated
and actions proposed for the development of transport and packing procedure:
The procedure needs to follow the requirements of IAEA Regulations for the
Safe Transport of Radioactive Materials considering that most countries use
these regulations as a basis for the development of their own requirements.
Similarly, the requirements of International Regulations for Dangerous Goods
Transport by Road - (ADR), by inland water (ADN) as well as by rail (RID)
are widely implemented and referred in legislation of a large number of
countries. Since these regulations are based on IAEA Safety Series 6
requirements they involve IAEA criteria, but some specific requirements of
these regulations need to be adopted as well.
The IATA Dangerous Goods Regulation is worldwide adopted and
implemented among the most world air carriers.
As stated above, the IATA requirements contain all requirements of ICAO Tl
in addition to the other requirements which are more restrictive than those
prescribed by Tl. Moreover, since the transport of radioactive material always
involves some road transport from the site of origin to the airport most
requirements for air transport (e.g. requirements for packing, labelling,
documentation etc.) also fulfill the requirement for the road transport. Some
additional conditions that have to be meet for the road transportation (e.g.
requirement for additional truck equipment, etc.) are contained in the ADR
and need to be included in the transport preparation too.
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Based on the above statements, the IAEA and IATA regulations are chosen
as basic documents that need to be considered for the preparation of the
procedure for the transport of radioactive material.
This approach provides that the procedure for the transport and packing
follows the most rigorous requirements adopted and applied worldwide. On
the other hand these requirements are the minimum which needs to be met
in order to perform safe transportation by any type of transport (air, sea,
inland water, road).
The national legislation of a particular country may deviate from the above
regulations or it may dictate additional instructions that need to be followed.
Therefore, the radioactive material transportation requires that the particular
states'
legislations are thoroughly investigated.
Finally, the contact with carrier has to be established in order to follow its
procedure which may not allow transporting of radioactive materials even
though all other requirements are fulfilled.
7. PROCEDURE DEVELOPMENT
7.1 PURPOSE AND SCOPE OF APPLICABILITY
This procedure is developed in order to provide relevant information about the
requirements which need to be met in order that a safe transport of the radioactive
materials from one nuclear power plant to the other can be performed assuming that
both plants are in Europe. This procedure is applicable to the transportation by road as
well as by air in case that time available for the transportation is limited.
Another aim of this procedure is to define all relevant steps which must be undertaken
in order that all necessary documentations produced or provided by shipper. Moreover,
this procedure also defines proper packaging for the transportation and storage.
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Furthermore, the procedure is applicable for the transport of particular equipment - the
tools that are used for in-service inspections of the reactor pressure vessels. Thus, the
procedure is applicable to the transportation of the surface contaminated objects only.
The specific procedure presented in this thesis has been developed specifically for the
purpose of the transportation of contaminated equipment from Krsko NPP in Slovenia
to Kozloduy NPP in Bulgaria.
7.2 REFERENT DOCUMENTATION
The procedure is based on the requirements of the following regulations:
Regulations for the Safe Transport of Radioactive Material, IAEA - Safety
series 6, 1985 (as amended 1990).
Dangerous Goods Regulations, International Air Transport Organization,
41st, ed.,2000.
European Agreement concerning the international carriage of dangerous
goods by road (ADR) and protocol of signature, The United Nations, 1998.
The provisions of the above regulations are applicable in all countries which are
planned to be involved in the transportation of the equipment - Slovenia, Croatia,
Hungary, Romania and Bulgaria for road transportation or Slovenia and Bulgaria only
for the transportation by air. The criteria of the procedure are defined and the
requirements for information are prescribed on the basis of the above regulations.
7.3 CLASSIFICATION OF RADIOACTIVE MATERIAL
Since radioactive material is, by definition, the substances or objects that have specific
activity greater than 70 kBq/kg or the objects that have the presence of radioactive
substance on a surface in excess of 0.4
Bq/cm2
for beta and gamma emitters and 0.04
19
Bq/cm2
for alpha emitters, all materials which include objects and tools that exceed
these values must be treated as radioactive. The ionizing radiation as well as
contamination must be detected and measured with appropriate instruments and
following the exact radiology procedures.
The radioactive materials are divided in groups according to their characteristics and/or






Additionally, all these groups which are not in the group of Special Form are classified
as "Other than special form".
According to these definitions the tools used for reactor pressure vessel examinations
are classified as Surface Contaminated Objects (SCO) and "other than special
form"
of
radioactive materials. This means that a solid object is not radioactive itself but it has
radioactive material distributed on its surfaces. The SCOs are classified in two groups:
SCO -I
SCO -II
Description of the Surface Contaminated Objects group I
SCO-I objects are such solid objects which meet the following criteria1:
The non-fixed contamination on the accessible surfaces averaged over
300cm2
does not exceed 4
Bq/cm2
(or the area of the surface if total area is
1





less than 300 cm2) for beta and gamma emitters and low toxicity alpha
emitters or 0.4
Bq/cm2
for all other alpha emitters;
or
The fixed contamination on the accessible surfaces averaged over
300cm2
does not exceed 40
kBq/cm2
(or the area of the surface if total area is less
than 300 cm2) for beta and gamma emitters and low toxicity alpha emitters or
4
kBq/cm2
for all other alpha emitters;
or
The sum of fixed and non-fixed contamination on the inaccessible surfaces
averaged over
300cm2
(or the area of the surface if total area is less than
300 cm2) does not exceed 40
kBq/cm2
for beta and gamma emitters and low
toxicity alpha emitters or 4
kBq/cm2
for all other alpha emitters.
Description of the Surface Contaminated Objects group II
SCO - II objects are such solid objects which exceeds the applicable limits specified for
SCO-I and meet the following criteria1:
The non-fixed contamination on the accessible surfaces averaged over
300cm2
does not exceed 400
Bq/cm2
(or the area of the surface if total area
is less than 300 cm2) for beta and gamma emitters and low toxicity alpha
emitters or 40
Bq/cm2
for all other alpha emitters;
or
The fixed contamination on the accessible surfaces averaged over
300cm2
does not exceed 800
kBq/cm2
(or the area of the surface if total area is less
than 300 cm2) for beta and gamma emitters and low toxicity alpha emitters or
80
kBq/cm2
for all other alpha emitters;
1






The sum of fixed and non-fixed contamination on the inaccessible surfaces
averaged over
300cm2
(or the area of the surface if total area is less than
300 cm ) does not exceed 800
kBq/cm2
for beta and gamma emitters and
low toxicity alpha emitters or 80
kBq/cm2
for all other alpha emitters.
7.4 IDENTIFICATION
The radioactive material intended to be transported has to be properly identified by
particular United Nations (UN) number and the proper shipping name. The packing
containing contaminated tools has to be identified as UN 2913 while it's the proper
shipping name is "Radioactive material, surface contaminated objects"1,2,3. Moreover,
the ADR requires grouping in the schedules and according to ADR the SCO is grouped
in Schedule 8. The empty package with contaminated interior has to be identified as UN
2910, its shipping name would be "Radioactive material, excepted package, empty
packing", and in accordance with ADR it is ranked in Schedule 4. The activity limits for
packaging containing radioactive material are determined by the activity values for both
the "special
form"
radioactive material and the material that is "other than special form".
The value for special form is designated Ai. The value for other than special form is
designated A2. Therefore, the SCO or more precisely, the contaminated tools are
classified to A2 group of activity limits. The [1], [2] and [3] give the A2 values for common
radionucleids. However, for the purpose of this thesis the radioactive elements most
frequently found on the tools and their A2 values are given in Table 7.4.
1





Economic Commission for Europe
- Inland transport committee: European Agreement concerning
the international carriage of the dangerous goods by road (ADR) and protocol of signature, 2 vols.,
new York and Geneva, 1 998
International Atomic Energy Agency:Regulations for the Safe Transport of Radioactive Materials -
Safety Series 6, Vienna 1985
22
In addition to this table it may be stated that the contaminated tools are contaminated
by corrosion products or products of decontamination (e.g. Mn 54 or Ag 1 10 m
- meta-
stabile) rather than by fissile materials. Furthermore, the alpha contamination is not
allowed on the tools due to the fact that most nuclear power plants do not have fuel
leakage into the primary water circuit. Therefore, there is the requirement that alpha
contamination of the tools is zero. Moreover, in-service inspection organizations
commonly contact, together with their main activity, the decontamination of the tools to
the level safe enough for the workers to be able to work without facemask. In addition,
the contracts also usually contain the stipulation that there is no alpha contamination on
the tools.
It has to be noted that multilateral approval of A2 value shall be obtained for the
radionucleids that are not listed in the tables of referent regulation.









Table 7.4 - Activity limits A2 for the Particular Radionucleids commonly found on the
surfaces of the contaminated equipment
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In the case that SCO is contaminated by the mixture of known radionucleides whose
identities and activities are defined the following equations applies:
a) Z(Bi/A2i)<1
where Bj is the activity of radionucleide i and A2i is value A2 for radionucleide i
or
b) A2= 1 /Z(fi/A2i)< 1
i
where fj is the fraction of activity of radionucleide i and A2i is value A2 for radionucleide i.
If the identities of radionucleids are known but particular individual activities remain
unknown, the radionucleids can be grouped while the lowest A1 or A2 values can be
used in each group and applied in the above formulas.
If the relevant data are not available for certain radionucleides or their mixtures the
following values shall be used:
Contents A1 A2
TBq (Ci) TBq (Ci)
Beta or gamma emitting nucleides are
present
0.2 (5) 0.02 (0.5)
Alpha emitting nucleides are present or
no relevant data is available
0.1 (2) 0.00002 (0.0005)
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7.5 PACKING OF THE RADIOACTIVE MATERIAL - SCOs
All aspects of the packing of the radionucleids of both, SCO-I and SCO
- II groups are
the responsibility of the shipper. Since SCOs are neither special form nor fissile, and
the activity is not usually very large, the possibility of leakage, criticality regarding
uncontrolled reaction and heat generation is not considered. However, in all cases the
effects of ionizing radiation is taken into account.
Although ionizing radiation level depends on several factors two of them can be singled
out as the most important - activity and quantity. This can be explained by the fact that
the same amount of different radionucleids, each packed in the same type of
packaging, can produce different radiation levels measured from the same distance.
This information shall be considered in the process of the packing. The term Ai denotes
the maximal activity or quantity limits particular to special form while A2 signifier the
same for other than special form of a particular radionucleide permitted in type A
packaging. In most cases the package must be allotted a "transport
index"
(Tl). The Tl
is the number which indicates the relative degree of radiation hazard of SCO. In
addition, the category of the package has to be determined (there are three categories),
and the package has to be labelled accordingly.
7.5.1 - General requirements for SCO packing
The package needs to be designed in such a way that it can be easily and safely
handled and transported. The package design has to consider the weight, volume and
shape of its content. Also, it has to provide a proper fixing in the load area of the truck
or aircraft. The packing design must provide the lifting attachments that would not fail
when used in designated manner.
In addition to providing for the main design purposes, the design of the package should
also allow for an easy decontamination of outer surfaces. A few other characteristics of
the packaging design ought to be
considered too: for example, the shape of the
package must prevent both water collection and retention whereas the valves on the
package must allow for its easy opening (if they are designed for this purpose). Such an
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easy opening is particularly important in the case of a large temperature drop which
may result in the lowering of pressure inside the package whose covers are well sealed.
Any feature added to the package at the time of transport must not diminish its safety.
The package has to be resistant to the effects of any acceleration, deceleration,
vibration or resonance which may occur during normal air transportation conditions. The
closures, latches, locking devices and other similar devices have to be designed in such
a way that they do not deteriorate during any normal handling or transportation
processes. The design of these packaging characteristics must ensure that they do not
fail even after numerous repeated uses. The materials used for manufacturing of the
packing have to match requirements of the material intended to be transported. This
means that each packaging material has to be considered in respect to the possible
combined effect it may produce in contact with the other materials. It is equally
important to ensure that all packaging materials are compatible with specific SCOs
which are transported.
The special requirements which apply to air transportation stipulate that surfaces of
packages must not exceed the temperature of 50 degrees Celsius at the ambient
temperature of 38 degrees Celsius, and that the package has to be designed in such a
way that the integrity of the containment is not diminished when the package is
exposed to the temperatures ranging from -40 to +55 degrees Celsius1.
The contamination of the external surfaces of the packing that is repeatedly used for
transportation of SCOs has to be kept as low as possible but in any case it must not
exceed the 4
Bq/cm2
for beta and gamma emitters and low toxically alpha emitters and
0.04
Bq/cm2
for all other alpha emitters. The level of non-fixed contamination is
determined by wiping of an area of
300cm2
of the surface manually using a dry filter
paper or any other similar material.
Surface contaminated objects may be packed with other items provided that there is no
interaction between them and the packaging or contents that may decrease the level of
safety of the package.
1






Empty packaging that previously contained the SCO may be transported as an
excepted package provided that:
It is in good condition and securely closed;
That the level of external contamination does not exceed the level of the 0.4
Bq/cm2
for beta and gamma emitters and low toxicity alpha emitters and 0.04
Bq/cm2
for all other alpha emitters
That the level of internal contamination does not exceed the level of the 400
Bq/cm2
for beta and gamma emitters and 40
Bq/cm2
for alpha emitters and
That all labels corresponding to a transport of radioactive material are
removed or not visible.
The level of ionizing radiation is maximally 5 uSv/h on external surface of the
packaging.
Transportation of empty packages does not require categorization, shipper's
declaration and labelling.
7.5.3 Types of SCO Packaging
The surface contaminated objects packaging achieves dual function
- it contain the
SCO and provides protection from the contamination and ionizing radiation. There are
several types of packaging used for transportation of the SCO. They are classified as
follows:
Industrial packages: Type 1 , 2 and 3 (IP-1 , IP-2, IP-3)
Type A packages
Type B packages of (U) and (M)
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7.5.3.1 Industrial Packaging
The total activity of SCO in a single unshielded Industrial package of any type shall not
exceed 10 mSv/h at a distance of 3m.
The Industrial package of type 1 is a package containing SCO that is designed to meet
requirements of 7.5.1 and has the smallest overall external dimension of the package
equal to or larger than 100mm.
The Industrial package of type 2 is a package containing SCO that is designed to meet
requirements of 7.5.1 and has the smallest overall external dimension of the package
equal to or larger than 100mm and in addition, if it were subjected to tests specified in
7.6.2 and 7.6.3, it would prevent:
The loss or dispersal of radioactive content and
The loss of shielding integrity which would result in more than 20% increase
in radiation level at any external surface of the package.
The Industrial package of type 3 is a package containing SCO that is designed to meet
requirements of 7.5.1 and has the smallest overall external dimension of the package
equal to or larger than 100mm and in addition, if it meets General requirements for
Type A packages.
Alternatively, freight containers may be used as industrial packages provided that they
meet the following:
They provide all requirements defined for an Industrial Package Type 1
Their design conforms to the requirements of ISO 1496-1:1990, Series 1
Freight containers - Specifications and testing
- part 1: General Cargo
Containers. If the freight containers were subjected to the tests prescribed in
that document, they would prevent the loss or dispersal of the radioactive
content and loss of shielding which would result in more than 20% increase
in radiation level at any external surface of the container.
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The SCO-1 shall be packaged in Type 1 or better, while SCO-II shall be packaged in
Type 2 industrial packaging (exclusive use and not under exclusive use) or better and
shall provide the shielding afforded by the packaging.
7.5.3.2 Type A Package Requirements
The SCO type A package is a packaging that shall not contain activities greater than A2
determined in accordance with previous sections of this procedure. The type A package
shall meet the general requirements of paragraph 7.5.1 and shall have the smallest
overall external dimension of the package equal to or shall exceed the dimension of
100 mm. In addition, the specific design requirements that are described below shall be
met.
The design of the package shall consider the application in the temperature range from
-40 to +70 degree Celsius for the components of the packaging. The design,
fabrication and manufacturing shall be in accordance with national or international
standards or other requirements accepted by competent authority. If the package were
subjected to the tests for demonstrating ability to withstand normal conditions of
transport that include water spray test, free drop test, stacking test as well as
penetration test, the loss of shielding integrity shall not exceed the 20% increase in the
radiation level at any external surface of the package, and there shall not be the loss or
dispersal of the radioactive contents.
The type A package shall be equipped with device that provide evidence that package
has not been opened. The device shall not be easily breakable.
The type A package design shall include the containment system closed by a fastening
device that cannot be opened unintentionally or by pressure that may develop by
pressure that can be generated within the package. If the containment system is
represented by separate component it has to be closed by independent fastening
device. The containment system of type A package shall retain its radioactive content
under reduction of the ambient pressure of 25 kPa.
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When the radiation protection shield which encloses a component of the package is
specified as a part of containment system of A type packages, it shall be designed so
the unintentional release of that component from the shell is prevented.
The design for type A packaging does not require approval by competent authority.
7.5.3.3 The General Requirements for Type B Package
The SCO type B package is a packaging that may contain activities greater than A2
determined in accordance with previous sections of this procedure. The activity limits
are defined by their approval certificates only. The type B package shall meet the
general requirements for packing described in paragraph 7.5.1 of this procedure as well
as it shall be designed in the manner that fulfills the requirements for type A packages.
If the SCO type B package was subjected to the tests for demonstrating ability to
withstand accident conditions in transport that involve mechanical test, drop tests and
thermal tests, it will maintain the sufficient radiation shielding to provide that the
radiation level measured at the distance of 1m from the surface of the package would
not exceed 10 mSv/h with the maximum radioactive contents that is designed to be
carried in the package.
Specific attention for this design shall be paid to the heat generated within the package
by radioactive content. The design shall provide that this package will attain prescribed
radiation shielding and will meet the applicable requirements for containment under
normal transport conditions and under ambient conditions of 38 degrees Celsius and
specific solar insolation conditions, if left unattended for a period of one week.
A package that includes thermal protection in order to fulfill the thermal test
requirements shall be designed so the thermal protection will stay operative if the
packaging is subjected to the following additional tests: Tests for demonstrating ability
to withstand normal conditions of transport, Drop test 1 and Drop test 2 or Drop test 2
and Drop test 3 respectively.
The design of Type B package shall provide that if it were subjected to the test for
demonstrating ability to withstand normal conditions of transport it would limit the loss of
radioactive content to not more than
10"6
A2 per hour. Furthermore, it shall provide that
30
it would restrict the accumulated loss of radioactive contents in a period of one week to
not more then 10 A2 for krypton-85 and not more than A2 for all other radionucleides for
the case that design were subjected to following tests:
Test for demonstrating ability to withstand accident conditions in transport,
Drop test 2,
Thermal test,
General requirements for water immersion test
and
Drop test 3 when the package has a weight less than 500 kg, when an
overall density is not greater than 1000
kg/m3
based on external dimensions,
and radioactive content is greater than A2
or
Drop test 1 for all other packages.
Specific requirements for Type B (U) packages
In regard to SCO the Type B (U) packages shall meet the following specific
requirements1:
Limits of permitted activity release shall not be exceeded regardless of the
application of the cooling system or filters.
Pressure relief system of the containment system shall not allow the release
of the radioactive material to the surrounding under the conditions of Tests
for demonstrating ability to withstand normal conditions of transport, Tests
for demonstrating ability to withstand accident conditions in transport,
Mechanical tests, Thermal test, and Water immersion test.
The design of package shall provide that if it would be at the maximum normal
operating pressure and subjected to
Tests for demonstrating ability to withstand normal
1






conditions of transport, Tests for demonstrating ability to withstand accident conditions
in transport, Mechanical tests, Thermal test, and Water immersion test, the level of
strain in the containment system would not adversely affect the package.
The package shall not have a maximal normal pressure in excess of a gauge pressure
of 7 bars.
The Type B (U) design requires unilateral approval.
Specific requirements applicable to the Type B (M) packages:
The Type B (M) packages design shall meet all General requirements for Type B and
Type B (U) packages except that other temperature and insolation conditions may be
applied assuming the competent authority or authorities approval is issued.
The SCO type B package design requires approval of a competent authority. The SCO
type B (M) package design requires multilateral approval. It is forbidden to transport the
type B (M) packages on passenger aircrafts.
7.5.4 Definition of Transport Index and its Determination
Transport index (Tl) is a single number attributed to a package with intent to:
Provide control over the nuclear safety in regard to criticality and ionizing radiation
exposure,
Determine the criteria for labelling categories,
Determine whether transport under exclusive use is required,
Establish spacing requirements during storage in transit and,
Define the number of packages allowed on aboard of an aircraft or truck.
7.5.4.1 Control of radiation exposure
With intent to provide the radiation exposure control, that is the only concern for the
SCO, the Tl is established based on the following procedure:
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a) Determination of the maximum radiation level at a distance of 1 meter from the
external surface of the package in units of mSv/h. The result of measurement has to be
multiplied by factor of 1 00.
b) Value obtained under step
"a)"
is multiplied by the factor determined per table below
for freight containers only:
Largest cross-sectional area of the
freight container















c) The number obtained by a) or b) (if applicable) shall be rounded up to the first
decimal place. Values of 0.05 or less may be considered as 0.
7.5.4.2 Category Determination
The category for the package is determined by Tl and level of the radiation at the
package surface in accordance with the table below:
1
Categories of the packages (other than excepted packages)
Transport
Index
Maximal radiation level at any point on external
surface
Category
>0 but < 1 Not more than 5uSv/h
More than 5uSv/h but not more than 0.5 mSv/h
I - White
II -Yellow
>1 but < 10 More than 0.5 mSv/h but not more than 2mSv/h III -Yellow
>10 More than 2mSv/h but not more than 10mSv/h III - Yellow and also
under exclusive use
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Categories of Overpacks and Freight Containers used as Overpacks
Transport Index Category
0





A package transported under special arrangement as well as an overpack that contains
packages transported under special arrangement must be assigned to Category III
-
Yellow.
7.6 PACKING PERFORMANCE TESTING
Fulfillment of requirements of performance standards may be demonstrated by any of
the following methods or their combinations1:
By performance of tests
By referencing the previous satisfactorily performed demonstrations of
sufficiently similar nature
By performance of tests on representative models or
samples. After the tests
are performed on representative samples, appropriate methods and analysis
shall be used in order to assure that relevant requirements have been
fulfilled in conformance with the acceptance and performance criteria of
General packaging requirements, Packaging specifications and Packaging
requirements.
By conservative calculations





All prototypes or samples have to be examined prior to tests in order to detect and
record damage or errors including the divergence from the design, defects in
construction, any deterioration or distortion of features. Additionally, the containment
system of the packaging must be clearly specified as well as external features of the
specimen must be clearly identified.
After performance of the tests the following actions have to be accomplished:
Damage and faults shall be identified and recorded
The integrity of the containment system and shielding shall be verified to the
extent required by the test for the tested packaging
For the drop tests the target must be a flat, horizontal surface that would not
significantly increase the damage of the specimen through its increase of resistance to
displacement.
7.6.1 . Tests for Demonstrating Ability to Withstand Normal Conditions of Transport
The package specimen(s) shall be subjected to the free drop test, the stacking test and
the penetration test preceded in all of these tests by water spray test. One sample may
be used for all these tests provided that the time interval between the conclusion of
water spray test and the further test in a sequence is such that the water has soaked to
the maximal extent without appreciable drying of the sample exterior. If the water spray
is applied from four directions the time interval taken shall be 2 hours or if the water
spray is applied from each of four directions sequentially than no time interval may
expire.
7.6.2. Tests for demonstrating Ability to Withstand Accidental Conditions in
Transport
If required for particular packaging type, the package specimen(s) shall be subjected to
the cumulative effects of the Mechanical test (Drop Testl , Drop Test2 and Drop Test3)
as well as Thermal test in this order. Following these tests a separate or the same
specimen shall be subjected to the General Water Immersion Test.
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The test performances and requirements are described in details in referenced
literature.
The competent authority shall be informed about the serial number of each packaging
manufactured in accordance with approved design.
7.7 MARKING AND LABELLING
The markings and labelling of radioactive material of SCO type is the shipper
responsibility and is required for all Industral Packages of type 1, 2 and 3 as well as for
type B (U) and B (M). Additionally, shipper is responsible to1,2,3':
Verify that relevant marking is on the package on the correct location and
meets applicable regulations
Remove obsolete and irrelevant marking
Ensure that outer or single packages of radioactive material bears the proper
identification markings
Apply appropriate new marking on the proper locations and provide proper
specification
Ensure that his responsibilities for marking are completely fulfilled
The markings shall be stamped or printed on the package in order to provide
understandable information that is clearly visible. This is provided by particular quality of
permanency and contrast between colors, background and letters. The language used
shall be English as a minimum plus the language required by the Country of origin.
There are no requirements for markings size but there are recommendations to apply
1





Economic Commission for Europe
- Inland transport committee: European Agreement concerning
the international carriage of the dangerous goods by road (ADR) and protocol of signature, 2 vols.,
new York and Geneva, 1 998
3
International Atomic Energy Agency:Regulations for the Safe Transport of Radioactive Materials -
Safety Series 6, Vienna 1 985
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the minimal marking sizes of 12 mm height for packages larger than 30 I or 30 kg, and
6mm for the packages up to and including 30 I or 30 kg.




Full name of consignor (shipper) and consignee
Permissible gross weight if it exceeds 50 kg
Additional information that is required for Type A package is the
mark:"
TYPE A".











o The competent authority ID mark allocated to the particular design
o A serial number of each packaging that conforms to the design
o A trefoil symbol resistant to the fire and water effects, plainly marked on
the outermost container that is resistant to fire and water effects
o If the overpacks are used, the proper marks appearing on interior
packages have to be visible or have to be reproduced on the overpack.
There are two types of labels: hazard labels and handling labels. Hazard labels has
square shape while the sides are angled for 45 degrees of the horizontal line that
comes through any edge.
The label material, printing and glue or affixation shall provide durability in order to
withstand all normal transportation conditions. Additionally, the labels shall stay
recognizable and readable during the whole process of transportation.
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Each package requiring the labelling shall be:
Verified by consignor for the irrelevant labelling on the packing or the
overpack. Irrelevant labelling shall be removed or obliterated,
Labelled by labels of durable quality and correct specification,
Labelled in a manner to contain required additional information,
Labelled so the appropriate labels are placed on the correct locations,
Ensured by consignor that all responsibilities for labelling are completely
fulfilled at the time of presentation to shipment operator.
All labels applied on packages shall conform in format, shape, orientation, color, symbol
and text to ones presented below. The minimum size of labels is 100 x 100 mm. The
handling labels that are applicable for SCO and their minimal dimensions are shown in
figure 7.7.4 and 7.7.5.
Each package containing radioactive material
- SCO shall be labelled in accordance
with the category that has to be determined as defined in paragraph 7.5.4.2. If the SCO
has other hazardous properties in accordance with specified criteria and in addition to
radioactive hazard properties, the package shall bear the applicable additional risk
labels. The category II and III require durably marked information about content,
activity, and transport index. The SCO content shall be described as follows:
The chemical symbol of radionucleide
or
For the case of different individual radionucleides or mixtures of
radionucleides that are packed into a same packing shall have listed the
most restrictive radionucleides







The activity of the content shall be written in units of Bq or Bq multiples. The old units
(curies), if used, shall be written in parenthesis following the activity marked in Bq. For
different individual radionucleides packed together in the same package and where
space permits, the activity of each radionucleide shall be listed. For Category II and
above the Tl shall be marked in the space provided on the label. The Tl shall be written
to one decimal place. If the overpack is used, the content and activity shall appear on
the outside surface of the overpack but for overpacks containing packages of different




The labels shall be printed or affixed and shall be completely visible. Label shall be
printed on background of contrasting color or shall have a dotted or solid line outer
boundary. One label shall not show up under any circumstance on two sides of the
packing or an overpack. Additionally, the label shall not be folded. Additional labels that
are required due to the different modes of transport to be applied are allowed. Labelling
in the form of tags are allowed for the packing that have irregular shapes or if the
packing surface would not adhere the label by itself.
Labels may be placed in vicinity of the consignee's address appearing on the package.
Additional hazard labels shall be affixed in vicinity of the primary hazard labels.
If the label "Cargo Aircraft
Only"
is used, it has to be affixed adjacent to each hazard
label. The radioactive material label together with any additional hazard label(s) and the
"Cargo Aircraft
Only"
label shall be affixed to two opposite sides in the case of package
or a rigid overpack while in the case of freight container the labels shall be affixed on
four sides. The label "This side
up"
is applied optionally in the case that content is
sensitive in regard to the vertical orientation.
If the package is in a shape of cylinder (e.g. barrel) the labels shall be affixed on
circumference, 180 degree apart. The cylinder diameter dimension shall be enough
large in order to avoid labels overlapping. If the package is too small for affixing labels
without overlapping, it is allowed to apply only one set of labels.
The handling label "Cargo Aircraft
Only"
shall be used on Type B (M) packages.
39
Large freight containers containing radioactive materials
- SCO shall bear 4 placards
with minimal dimension 250 x 250 mm in addition to labels previously described. They
should be placed on vertical sides - front and end sides as well as on two side walls.
Alternatively, the category labels may be applied provided their dimensions are
minimally 250x250 mm.
Other labels required by national or other international regulations may be used but
they shall not confuse with above labels or shall not be in contradiction with above
described labels. The labels for Category I, Category II, Category III, Placard for Class





Apendices 1 through 5 together with explanations and minimal dimensions.
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7.8 DOCUMENTATION TO BE PROVIDED BY SHIPPER
The shipper is responsible for the preparation of the particular documentation-so called
"Shipper's declaration for dangerous
goods"
(hereafter referred to as "Declaration").
The form shall be filled in English language but, if required, it may be translated into a
language of the country of origin or destination.
In order to provide all relevant information for the Declaration, in practice is often used,
so-called Radioactive Shipment Record. It is used for the determination of:
The type of shipment
Required packaging
The category of labels
The information that need to be written on the labels
The sample form of radioactive shipment record is presented in figure 7.8.1 .
At least two examples of the Declaration have to be completed and signed by shipper.
The signature shall be in handwriting, in a form of a facsimile reproduced by stamp or
printing or as a carbon copy.
If the Declaration does not provide enough space to provide all relevant information in
the "Nature and Quantity of Dangerous
Goods"
area, additional pages should be used
provided they have vertical red hatchings on their sides. The additional pages have to
have the air-way-bill (AWB) number and have to contain the current number of the page
and total number of pages. Change of any entry of the declaration except AWB, Airport
of Departure and Airport of Destination shall be signed by the shipper. The signature
has to be the same as the one used to sign the document. Declaration may contain the
details of non-dangerous goods (e.g. non-contaminated equipment) packed with SCO
(contaminated equipment). Additionally, the proper shipping name shall be used as
described in paragraph 7.4 of this procedure. The example of Declaration is presented
in figure 7.8.2.
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Furthermore, the SCO transportation by air requires the following statements, if they are
applicable, in the Air Waybill (AWB) in the "Handling
Information"
box1:
"Dangerous goods as per attached Shipper's
Declaration"
or "Dangerous






For the case that SCO packages are combined with packages containing
non-
dangerous goods, the "Handling
Information"
box of an AWB shall contain the number
of packages containing the dangerous goods - SCO. The number of packages
containing SCO shall be indicated in the front or behind the applicable statement(s).
For the case that empty packaging is transported and that specific limits for external
contamination and ionizing radiation levels are not exceeded as described in paragraph
7.5.2, the box "Handling
Information"
shall be left blank while the box "Nature and
Quantity of
Goods"
of AWB shall contain the following statement:
"Radioactive material, excepted package-empty packaging"1.
For the road transport of SCO, the transport documentation is based on ADR, Class 7,
Schedule 8, marginal 2704, 2709 and 2010. Additionally, transport documentation shall
include the accident provisions and instructions in writing determined in accordance
with 10385 and 10260 of ADR and should contain the information similar to the
following:
A) Nature of hazard:
In case the packing is broken one has take care of:
The risk of radiation
The risk of contamination, inside and outside the body
These risks cannot be smelled, felt, heard or seen.
1





Protective devices: Suitable respiratory protective devices, gloves and suit.
B) Actions to be taken by driver1:
"Stop the engine
No naked lights, No smoking
Mark the roads and warn other road users or passers-by
Inform the public about the hazard and give advice to keep upwind
Notify police and fire brigade as soon as
possible"
Additional actions may be prescribed to be taken by driver. The driver has to receive
the training or need to be instructed how to perform particular additional activity. The
following are some examples of additional actions to be performed by driver in
accidental situations:
Extinguish the fire with dry chemical.
Enter danger zone only to save lives.
Stay nearby as short as possible; keep distance.
Inform the expert of the fact that persons have been in contact with the
substance.
1
Economic Commission for Europe
- Inland transport committee: European Agreement concerning the
international carriage of the dangerous goods by road (ADR) and protocol of signature, 2 vols., new






























































































































































































































































































Instructions for the completion of the declaration are based on reference IATA
Dangerous Goods Regulations -
41st
edition.
Figure 7.8.2 - Example of SHIPPER DECLARATION FOR DANGEROUS GOODS
Shipper (1 ) Inetec-lnstitute for Nuclear Technology




(2) NEK AD KLON AEC KOZLODUY
Two completed and signed copies of this Declaration must be
handled to operator.
TRANSPORT DETAILS
This shipment is within the







Airport of Departure: (6)
Ljubljana, SLOVENIA
Air Waybill No.: (3)
Page 1 of 1 pages (4)






Failure to comply in all respects with applicable Dangerous
Goods Regulations may be in breach of the applicable law,
subject to legal penalties. This declaration must not, in any
circumstances, be completed and/or signed by consolidator,
a forwarder or an IATRA cargo agent.
Airport of destination:
Sofia, BULGARIA
(7) Shipment type: (delete non - applicable) (8)
NON-! RADIOACTIVE
NATURE AND QUANTITY OF DANGEROUS GOODS (9), (10)
Proper shipping name, Class or Division, UN Number or Identification Number, Packing Group (if required), and all other required
information.
Radioactive Material SCO, 7, UN-2913, Co60 Solid Oxide, SCO-I, 1 Type A Pkge x 0.3GBq, l-White, Box INT-1
Radioactive Material SCO, 7, UN-2913, Co60 Solid Oxide, SCO-Ill, 1 Type A Pkge x 1.4GBq, Ill-Yellow, Tl 1.2,Box INT-6
Radioactive Material SCO, 7, UN-2913, Co60 Solid Oxide, SCO-11,1 Type A Pkge x 1.2GBq, ll-Yellow, Tl 1.0, Box INT-7
Additional Handling Information (11) N/A
I hereby declare that the contents of this consignment are fully
and accurately
described, above by the proper shipping name, and are classified, packed, marked
and labelled/placarded, and are in all respects in proper condition for transport
according to applicable international and
national governmental regulations.
Name/Title of Signatory: (12)lvan Ivanic












Description of the item of the declaration form
1. Shipper Full name and address of the shipper
2. Consignee Full name and address of the consignee
3. Air Waybill
number
This is a field where the AWB number shell be entered
to which the declaration will be attached
4. Page of
pages
Enter the Current number of page in the first field and
total number of pages in the second field
5. Aircraft
limitations
Delete (or cross) the statement that is not true e.g.
delete "Passenger and Cargo Aircraft
"
if the package of
Type B (M) need to be transported
6. Airport of
Departure




Enter the full name of the airport or the city of
destination. This may be done by shipper, his agent or












Enter Proper Shipping Name
Enter class number - 7 i|
Enter
"UN"













Description of the item of the declaration form




in Proper Shipping Name
Enter name or the symbol of the
radionucleide(s) or the mixture of
radionucleides, an appropriate general
description or a list of the most restrictive
radionucleids
Enter the description of the physical and







Enter the number of packages (of same type
and content), their type of package and
activity in Bq. The activity of each
radionucleide shall be entered for individual
radionucleids packed together in one
package. In that case the following wording
shall follow 'All packed in one".
If an overpack is used, the wording "Overpack
used"
shall follow the relevant entries relating the packages
within the overpack.
For consignments of packages in an overpack or freight
container, a detailed content of each package within an
overpack or freight container shall be stated. If
applicable, the detailed contents of each overpack or
freight container shall be stated for the consignment.
Packaging instructions:
Enter the category of the package(s), overpack or





only, enter the Tl
value rounded to the first decimal point and dimension
as well as units of dimensions applied.
Authorizations
If relevant, enter a list of the identification marks of any
of the following documents:
Type B (U) package design approval
certificate
Type B (M) package design approval
certificate
Approvals that are written in language different than









Description of the item of the declaration form
10. Separation Each sequence of appropriate information in the field
"Nature and Quantity of dangerous goods
"
has to be
clearly separated. Commas shall separate information




This field shall be entered for the special handling
information that are relevant for the shipment (e.g.
emergency arrangements appropriate to the shipment








Enter the place and date of signing the declaration
14. Signature Sign the contract in accordance with previously
described provisions.
The similar document needs to be produced for the road transportation. It has to
contain the following information:
Figure 7.8.3 - The example of transport documentation in accordance with ADR
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(3)ADR CLASS: (4) 7 SCHEDULE: (5)8 RADIOACTIVE MATERIAL SHIPPER'S DECLARATION
(6) INT-09
CONSIGNOR: (7) Krsko NPP
VRBINA12
KRSKO, SLOVENIA
CONSIGNEE: (8) NEK AD KLON AEC KOZLODUY
KOZLODUY,
BULGARIA
Place of reception of goods: (9) KRSKO
Place of delivery of goods: (1 2) KOZLODUY
Country: (10) Slovenia Date: (11) May 25,2000
Country: (13) Bulgaria
Established at: (14) Krsko the (16) May?s,?nnn
(15) (17)
Signature or stamp of consignor Signature or stamp of shipper
Goods received:
(18)
Signature or stamp of consignee
Nature and quantity of the content Package
Radionu
cleide





















































































t (SCO-I), 7, Set








Competent Authority Identification Mark (For Special Form, Package Design and (29) not applicable
Shipment
ADDITIONAL INFORMATION REQUIRED FOR FISSILE MATERIALS ONLY (30)
Exempted from the additional requirements for fissile materials ?










Type B Packaging Certificates ? Special Arrangements Certificate(s) for Fissile Material
Special Handling Information (32)
Consignor's Certification (33)
The nature of the goods and the packaging are in conformity with
provisions of the ADR.
Name and the title of the person signing the Declaration
Ivan Ivanic, responsible HP (34)
Place and date: Krsko Mav 25. 2000 (351
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Description of the item of the declaration form
1.
Owner Owner of the goods
2. Transportation
Permit
Number of transportation permit
3. ADR, RID, IMO Letters that define the regulations for the type of




4. Class No. Radioactive materials are grouped in class 7 always.
5. Schedule Schedule of dangerous goods is determined in
accordance with provisions of ADR (empty SCO







9. Place of reception
of goods
Place from which the goods are transported
10. Country Country from which the radioactive goods are
transported
11. Date Date when the form is completed
12. Place of delivery of
goods
Place to which the goods shall be transported
13. Country Country to which the goods shall be transported





Signature or stamp of the sender















Confirmation of the recipient that goods are delivered
by signature or stamp
19. Name or symbol of
principal
radioactive content
Name or Chemical symbol of principal radioactive
content (e.g. Co 60)
20. Form - SCO or
Empty package







22. Weight (kg) Gross weight






I -white , II or III -yellow
26. Transport Index Radioactivity measured in mSV/h at a distance of 1 m
from package de vided by 1 00
27. Package type Industrial or
Type A or Type B (U) or Type B (M)
28. Description 2913 Radioactive material, Surface Contaminated
Object (SCO-I or SCO-II), 7, Schedule 8, ADR
or
2910 Radioactive material, excepted package, empty




(For special form, package design and/or shipment)
Usually not applicable for SCO
30. Additional
information











Description of the item of the declaration form
32. Special handling
information
Any special provision e.g. instruction for rerouting
33. Consignor
Certification
Statement: "The nature of the goods and the
packaging are in conformity with provisions of the
ADR"1
34. Name and person
signing Declaration
Name and signature of the person who completed
Declaration
35. Place and date Place and date of the form completion
Economic Commission for Europe
- Inland transport committee: European Agreement concerning the
international carriage of the dangerous goods by road (ADR) and protocol of signature, 2 vols., new
York and Geneva, 1998
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7.9 HANDLING AND STORAGE INSTRUCTIONS
Once the equipment used is loaded into the packing, and the boxes are closed, the
packages containing SCO need to be handled and temporary stored for further
transportation. The radiation exposure of personnel that perform handling and storage
of the packages with surface contaminated objects shall be as low as reasonably
achievable. In any case the handling and storage personnel shall not receive an
ionizing radiation dose larger than allowed for public (in Croatia this limit is 5mSv/year).
In order to achieve these goals the measures to control the radioactivity shall be
established and the personnel shall be instructed and warned in regard to hazards
involved and precautions to be observed. The number of packages, overpacks and/or
overpacks shall be limited to a quantity that would provide the Tl of any individual group
to be 50 or less. Groups of such packages shall be stored in such a way that a spacing
of at least 6m from other group(s) is provided.
Damaged packages
Before loading the unit load devices shall be inspected and found to be free of damage.
If there is an evidence of damage, the position of unit load device shall be protected
and restricted for access. Qualified personnel shall inspect the suspected area for
contamination and level of radiation. In addition, measures shall be established and
undertaken, if required by relevant competent authority, for the protection of human
health and to overcome or minimize the consequences of the damage.
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7.10 ADDITIONAL SHIPMENT REQUIREMENTS
There are some additional requirements that shall be fulfilled by shipper in order to
perform the transportation in accordance with the regulation criteria. These include the
instruction for the proper closing of the package, and any other preparation for the
shipment as well as a copy of certificates relevant to the package:
Type B (U) package approval certificate
Type B (M) package approval certificate
In addition, in some circumstances it is the obligation of the shipper to notify the
relevant authorities. The consignment notification shall include:
Information that enable clear identification of the package(s) and all
applicable certificate(s) numbers and identification marks
Information of the date of shipment, the expected date of arrival and itinerary
The name of the radioactive material
Description of the physical and chemical form of radioactive material
The maximal activity of the radioactive content during transport in Becquerel
(Bq)
For the road international transportation some additional requirements need
to be fulfilled1:
> Ionizing radiation level shall not exceed 2mSv/h at any point on the
external surface of the truck and shall not exceed 0.1 mSv/h at a
distance of 2 m from any external surface of the truck. If personal
dosimeters are not used, the ionizing radiation level at any normally
1
Economic Commission for Europe - Inland transport committee: European Agreement concerning the
international carriage of the dangerous goods by road (ADR) and protocol of signature, 2 vols., new
York and Geneva, 1998
54
occupied position in a vehicle (e.g. driver's cabin) shall not exceed
0.02mSv/h.
> The number of packages on a vehicle is limited by maximal sum of
transport index number that shall not exceed 50.
> The separation between radioactive materials and drivers/conveyors











Minimal distance in meters from accommodations or working space
when shielding is not applied and for the case that exposure time










Economic Commission for Europe - Inland transport committee: European Agreement concerning the
international carriage of the dangerous goods by road (ADR) and protocol of signature, 2 vols., new
York and Geneva, 1 998
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8. CONCLUSION
A significant proportion of all goods transported nowadays are dangerous goods which,
if inadequately packed or transported, may cause not only the pollution of air, soil or
water but also the damage to the health of living beings and, in most severe cases,
even death. Radioactive material is one of these dangerous substances. The
sophisticated tools (robots) which are used in nuclear power plants for the purposes of
detecting component irregularities present a specific item in the transportation of
radioactive materials. Since this high-tech equipment is contaminated after the first use
and it usually cannot be decontaminated to the level acceptable for the release in non-
controlled areas, the equipment has to be packed in special containers and transported
in accordance with specific rules. The rules for transportation of dangerous goods -
radioactive materials - are developed on the international level and modified or just
accepted in their original form into the national legislation of numerous countries around
the world. Implementation of these regulations and fulfillment of their requirements
provide both the reasonable level of safety during the transport and proper measures
for incidental or accidental situations during the transport. This thesis deals with the
regulation accepted in most countries around the world on the one hand, and, on the
other, an attempt has been made to summarize the interaction of various international
organizations regarding their involvement in the field of packing and transportation of
radioactive materials. The analysis of the regulations establishes the general
requirements for packaging, handling, document preparation etc. for shippers.
However, it must be noted that the fulfillment of prescribed requirements would not
always be sufficient for transport performance. For example, Croatian airline would not
accept any radioactive shipment even though all requirements of
both the Croatian
legislation and internationally accepted regulation are met since the carrier has a right
to refuse to transport dangerous goods. Therefore, it is always indispensable to contact
all relevant institutions and parties to be involved in the transportation of radioactive
materials in order to predict necessary activities that need to be performed prior to the
accomplishment of safe transportation.
In addition, this thesis provides the sample procedure
which contains specific
requirements for the transportation of contaminated tools belonging to the category of
surface contaminated objects. By following the requirements of the procedure which are
based on provisions of internationally recognized regulation the safe transport may be
performed and proper transportation documents may be furnished.
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APPENDICES
Appendix 1 - Category I - White Label
Name: Radioactive





Appendix 2 - Category II - Yellow Label
Name: Radioactive
Cargo Imp Code: RRY
Minimum dimensions: 100x100mm
Symbol (trefoil): Black
Background: Top half Yellow with White Border, Bottom half White
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Cargo Imp Code: RRY
Minimum dimensions: 100x100mm
Symbol (trefoil): Black
Background: Top half Yellow with White Border, Bottom halfWhite












Dimensions: The dimensions shown are minimal. When larger dimensions are used,
the proportions have to be maintained. The number
"7"




in the middle of bottom triangle of the placard is optional.
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Appendix 5 - Label "Cargo Aircraft
Only"
I
The label presented above has to be affixed to all Type B (U) packages obligatory.
61




- optional package label
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